without compromising the safety and efficacy of therapy. Since critical pathways are implemented at the institutional level, hospitals, rather than individual patients, were randomly assigned to either introduce the pathway or continue conventional management. The centers were Canadian teaching or community hospitals whose administrations (1) were willing to allow the institution to be allocated to either of the 2 strategies for a 6-month period and (2) agreed not to implement any of the components of the critical pathway if assigned to conventional management. The randomization procedure was stratified by type of institution (teaching or community hospital) and matched by the historical length of stay (obtained from a feasibility study). Random assignment was generated by a computer. The study was approved by the institutional review board at each center.
Study Patients
We collected data from all patients with CAP who presented to the emergency department (ED) between January 1 and July 31, 1998 . Eligible patients were adults with at least 2 signs or symptoms of CAP (eg, temperature Ͼ38°C, productive cough, chest pain, shortness of breath, crackles on auscultation) and whose chest radiograph showed an opacity compatible with the presence of acute pneumonia. 13 Patients with an immune deficiency (eg, human immunodeficiency virus infection, use of Ͼ10 mg/d of prednisone or other immunosuppressive agents, active treatment for cancer, history of organ transplantation, active tuberculosis, cystic fibrosis) were ineligible. Individuals who experienced shock, those who required intubation or direct admission to the intensive care unit (ICU), women who were pregnant or nursing infants, persons with alcohol addiction, and patients with chronic renal failure (estimated creatinine clearance Ͻ20 mL/min [0.33 mL/s]) were not included. Informed consent was requested from all eligible patients for completion of quality-of-life and outpatient follow-up questionnaires. Admission status, length of hospital stay, and occurrence of complications or readmission to hospital were obtained from institutional records for every eligible patient.
Critical Pathway Sites
Prior to initiation of the study, 2 investigators (T.J.M. and C.Y.L.) met with personnel at each hospital and developed an educational plan designed to reinforce compliance with the pathway.
The critical pathway (FIGURE 1) has 3 components: use of a clinical prediction rule 14 to assist the admission decision, treatment with levofloxacin (Levaquin, Janssen-Ortho Inc, Toronto, Ontario), 15 and practice guidelines 16 for the care of inpatients. The guidelines consisted of criteria for switching from intravenous to oral antibiotics and discharge from hospital.
Patients having a suspected diagnosis of CAP were assessed in the ED and treated by primary care physicians and/or specialists according to usual practice. Emergency department nurses were instructed on the use of the Pneumonia Severity Index (PSI), a clinical prediction rule that assigns a score based on 20 items that include demographic factors, coexisting illnesses, physical examination findings, and laboratory and radiographic findings. 17 Scores range from approximately 10 to 250; higher scores indicate more severe pneumonia. Five severity classes are defined; patients in classes I to III (scores Յ90 points) are at low risk for death or complications. For each subject, a PSI score was calculated by a nurse, who made this determination available to the ED physician. Patients with scores of 90 points or lower were recommended for discharge from the ED, whereas those with higher scores were recommended for admission. The PSI score was used only as a guide to the admission decision and did not supercede clinical judgment; we expected that the use of this instrument would result in the admission of fewer low-risk patients.
Levofloxacin, a fluoroquinolone antibiotic, has high bioavailability, a broad antimicrobial spectrum, and a cost similar to other antibiotics commonly used to treat CAP. 18 Patients treated as outpatients received 500 mg of oral levofloxacin once per day for 10 days. Those who were admitted to the hospital received a single 500-mg dose of parenteral drug and were subsequently treated according to the guidelines. 19, 20 We expected that use of levofloxacin would increase the proportion of patients who were treated with a single class of antibiotic.
Patients who were admitted were assessed each day by a study nurse who placed a note on the patient's chart when the criteria for discontinuation of intravenous therapy or hospital discharge were fulfilled ( Figure 1) . We anticipated that practice guidelines would reduce the use of institutional resources by decreasing both the duration of parenteral antibiotic therapy and the length of stay. No direct incentives were provided to physicians to in- 
Conventional Management Sites
At these hospitals, management of CAP was according to the usual practice of individual specialists or primary care physicians. Separate investigator meetings, study protocols, and correspondence were used to ensure that health care personnel at the conventional management sites remained unaware of critical pathway components. Levofloxacin was not available and no attempt was made to implement the PSI or the practice guidelines.
Follow-up Procedures
The hospital charts of admitted patients were reviewed each day by the study nurse, who recorded the occurrence of relevant outcomes and made recommendations according to the guidelines. At conventional sites, the nurse made no management recommendations. Patients who gave informed consent for the collection of follow-up data were contacted by telephone 2 and 6 weeks following the completion of the recommended 10-day course of antibiotics, at which time data on quality of life and clinical outcomes were collected.
Outcome Measures
The Short-Form 36 Physical Component Summary (SF-36 PCS) scale, 21 a generic quality-of-life measure, was selected as the primary measure of efficacy. This 36-question instrument has been previously validated in patients with CAP. 22 Scores range from 0 to 100; higher scores indicate better quality of life. Secondary outcome measures were pneumonia-related complications (respiratory failure, systemic sepsis, empyema, new onset of congestive heart failure, or atrial fibrillation), ICU admission, readmission to hospital, and death. All clinical outcomes were independently validated by 2 investigators (T.J.M. and B.G.F.) who were unaware of the treatment assignment and who also evaluated antibiotic regimens and determined whether 1, 2, or more than 2 classes of antibiotics had been administered. Disagreement was resolved by consensus.
The primary measure of resource utilization was the number of bed days per patient managed (BDPM). This composite measure, which is the mathematical product of the institutional average length of stay and the admission rate, is sensitive to a change in either variable. Since approximately 89% to 96% of expenditures for CAP result from the provision of inpatient services, 23 the BDPM is a robust surrogate for the average (distinct from the typical or median) direct cost of care. The institutional rates of admission of low-risk (PSI classes I-III) patients, length of hospital stay, duration of intravenous antibiotic therapy, and proportion of patients who received a single class of antibiotic were also compared. The length of stay for patients who died in the hospital was calculated as time from admission to the day of death. Data from inpatients were arbitrarily censored at 42 days from the date of admission so that the results from patients with prolonged hospitalization would not strongly influence the estimates of the average length of stay and BDPM. The proportion of patients with length of stay longer than 42 days was similar in the 2 groups of institutions (3.6%).
Statistical Methods
Although the critical pathway was expected to reduce the use of institutional resources, for such savings to be meaningful, it was first necessary to demonstrate that the patients treated at these sites did not have a worse clinical outcome compared with those treated at the conventional management hospitals. To assess this issue, we predefined a lower limit for an acceptable equivalence range of no more than a 3-point worsening in the SF-36 PCS score. 21 The primary efficacy analysis was performed by constructing a 1-sided 95% confidence limit for the between-group difference in the change in institutional scores from baseline to the week 6 value. If the confidence limit of the observed difference was entirely within this boundary, equivalence was judged to exist. 24 For secondary outcome measures, 2-sided 95% confidence intervals were constructed to describe the institutional rates of these outcomes within each treatment group. One-sided 95% confidence limits were also constructed to estimate the potential between-group difference in favor of conventional management.
Prior to the initiation of the trial, a feasibility study was performed to collect data from 782 patients with pneumonia at 18 of the participating institutions during November 1997 and January and March 1998. Estimates of the rates of admission for pneumonia were also available from 7 sites. From these data, the SD of the BDPM was estimated to be 1.6 days. We estimated that the critical pathway could decrease the admission rate by 10% to 15% and the length of hospital stay by 1 to 2 days, yielding a reduction in the BDPM of approximately 2 days. The randomization of 10 institutions per treatment arm was sufficient to detect a 2-day difference in BDPM with 80% power at the ␣ = .05 level of significance. Although the sample size was justified on the basis of a difference in BDPM, the randomization of 10 institutions per arm was also sufficient to define a 1-sided 95% confidence limit, which could demonstrate a 3-point difference in the SF-36 PCS change scores in favor of the conventional management strategy.
A nonparametric procedure, the Mann-Whitney test, 25 was used to compare the difference in BDPM between critical pathway and conventional management hospitals. A 2-sided test was performed at the ␣ = .05 level of significance. Since the BDPM is a proxy for the average cost, which is only meaningful at the institutional level, all statistical inferences were made using institutional data, 26 with the hospital as the unit of analysis. A similar approach was used to compare the rate of admission in lowrisk patients, the duration of intravenous drug therapy, and the proportions of inpatients treated with a single class of antibiotic. All P values were 2-sided.
Although the institutions were matched, the matching was not considered in the analysis. 27 Since the distribution of the length of hospital stay is usually skewed with a few extreme values, 2 institutional median values were also compared. The effectiveness of the critical pathway was evaluated by applying the intention-to-treat principle using data from all eligible patients.
RESULTS
Twenty hospitals were randomized. However, 1 critical pathway institution withdrew prior to the initiation of the study at the site and was not replaced.
From January 1 to July 31, 1998, 1743 patients were evaluated. TABLE 1 shows the baseline characteristics of the institutions and patients. A greater number of patients per site were entered at conventional management institutions because 1 institution (Halifax) resulted from a merger that led to the inclusion of patients from 3 large hospitals. Mean PSI and SF-36 scores at the baseline assessment were similar at conventional management and critical pathway institutions.
Effects on Clinical Outcomes
FIGURE 2 shows the SF-36 PCS scores. Following treatment, patients' quality of life improved rapidly; 6 weeks after the discontinuation of oral antibiotic therapy, the scores in both groups were similar to those of age-matched, population-based controls. No important difference in quality of life was noted between conventional management and critical pathway sites. Since the lower boundary of the 1-sided 95% confidence limit of the between-group difference in the change scores at 6 weeks was 2.4 points in favor of the conventional management group, our prespecified criterion for therapeutic equivalence was satisfied. FIGURE 3 shows that the institutional incidence of adverse clinical outcomes was simi- Table 1 TABLE 2 shows the institutional resource utilization data. Significantly fewer low-risk patients (PSI classes I-III) were managed as inpatients at the critical pathway sites (31% vs 49% at conventional management sites; P = .01). Conversely, the admission rates of patients with PSI classes IV and V were similar in the 2 groups (87% at critical pathway vs 88% at conventional management sites; P = .70). Overall, a 10% absolute reduction was shown (53% at critical pathway vs 63% at conventional management sites; P = .11).
Although patients who were admitted at critical pathway institutions had more severe disease, defined by the mean institutional PSI score (103 vs 94 at conventional management sites; P = .05), their median length of hospital stay was lower (5.0 days vs 6.7 days at conventional management sites; P = .01), and they received 1.7 fewer days of intravenous antibiotic therapy (4.6 days vs 6.3 days at conventional management sites; P = .01). Patients at critical pathway hospitals were also more likely to be treated with a single class of antibiotic (64% vs 27% at conventional management sites; PϽ.001).
A 1.7-day decrease in BDPM was shown at critical pathway sites (4.4 days vs 6.1 days at conventional management sites; P = .04).
COMMENT
Our primary finding was that implementation of a critical pathway reduced the use of institutional resources for the treatment of CAP without causing harm to patients.
Hospitals assigned to the critical pathway had an 18% absolute reduction in the admission of low-risk patients (PSI classes I-III). In contrast, the rate of admission of high-risk patients (PSI classes IV and V) was similar in the 2 treatment groups. The most common explanation for the management of a minority of these severe cases as outpatients was patient or family preference, despite, in most cases, a recommendation by a physician for admission to the hospital. Therefore, use of the PSI was discriminative because it identified individuals who could be safely treated in the community setting. We could not detect any negative effects of this intervention on the quality of life of patients or the occurrence of adverse clinical outcomes, including admission to the ICU, mortality, readmission to hospital, or complications. These observations support the use of the PSI as an adjunct to clinical judgment.
Because of the combined effects of a decrease in both the rate of admission and the average length of stay, the hospitals that implemented the critical pathway required an average of 1.7 fewer beddays for each patient treated. We estimate that this reduction in the use of hospital resources has the potential of saving approximately US $1700 per patient treated. 6, 23 While it is also possible that the use of the critical pathway might cause a shift of costs from the hospital to patients and/or outpatient caregivers, any such increase in expenditures will be relatively small compared with the savings realized from the reduced requirement for hospital resources. Thus, it is likely that the implementation of a critical pathway by an institution yields a net cost savings from a societal perspective. However, any definitive conclusions regarding the economic impact of the critical pathway should await the publication of a formal economic analysis, which we are preparing.
Although other randomized trials have shown that the use of a "respiratory" quinolone is an alternative to conventional antibiotic regimens, 28 our data confirm the safety and effectiveness of levofloxacin therapy in a large number of patients who were cared for at multiple sites by a diverse group of physicians. At critical pathway hospitals, patients were more likely to receive a single class of antibiotic. Since no important differences were observed between the 2 strategies for any clinical outcome, this advantage of fluroquinolone therapy should be given consideration when therapy for CAP is chosen. Health-related quality of life was measured by the ShortForm 36 Physical Component Summary scale. Error bars indicate SDs. The baseline value was obtained in the emergency department. The week 2 and week 6 assessments were carried out 2 and 6 weeks, respectively, after the completion of antibiotic therapy. The lower limit of the 1-sided 95% confidence limit of the between-group difference in the change from baseline to week 6 is −2.4. The age-specific mean (SD) estimates of the score for the US general population were obtained from published data. All estimates are based on institutional data displaying the mean (2-sided 95% confidence interval). Any adverse outcome is a composite of intensive care unit (ICU) admission, mortality, readmission, or occurrence of a complication. The absolute difference in rates between the experimental groups (critical pathway − conventional management) is shown above the brackets. The upper limit of the 1-sided 95% confidence limit of this value (for ICU admission, 2.0%; mortality, 2.5%; readmissions, 3.6%; complications, 4.6%; and any adverse outcome, 4.6%) gives an estimate of the outermost deleterious effect of the clinical pathway compared with conventional management.
Some limitations to this study exist. First, the trial was not designed to evaluate the effectiveness of the separate components of the critical pathway. Although it is likely that the PSI accounted for the lower rate of admission at the critical pathway hospitals, it was not possible to determine the independent contributions of levofloxacin and the practice guidelines to the observed decrease in the length of hospital stay. Further studies are needed to examine the relative importance of these interventions.
Second, because the study was performed exclusively in Canada, the generalizability of our findings may be limited. Important differences exist among countries with respect to access to care, 29 prevalence of admission, 30 length of stay 31 and availability of community care and nursing home beds. 32 During the past decade, the emergence of managed care in the United States has been associated with a progressive decrease in the length of stay for most diseases. Accordingly, from 1990 to 1996 the average length of stay for CAP fell from 8.3 to 6.5 days.
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Although the average length of stay in the United States in 1996 was even shorter than that observed at our intervention hospitals in Canada in 1998 (6.5 vs 8.2 days), 2 important points should be considered. First, considerable heterogeneity in length of stay exists among institutions in both countries. In 1994 (the most recent year for which national variance data are available), although the mean length of stay for US hospitals was 7.3 days, the 75th percentile of the distribution was 9.0 days. 33 Because of this large variability, we expect that many US institutions could benefit from use of the critical pathway. Second, efforts to reduce the length of stay cannot be examined in isolation; the effects of these initiatives on the quality of patient care and outcomes must also be assessed.
Our experimental data show that a critical pathway for CAP can reduce the use of hospital resources without compromising the well-being of patients. Whether the decrease in hospital use resulting from managed care has also met this essential standard is unknown. It is also possible that some proportion of the decrease in length of stay in the United States is the result of some of the interventions used in the critical pathway. In any event, since many environmental factors may be determinants of the effectiveness of a critical pathway, health care practitioners should carefully evaluate their institutional circumstances before implementing these systems. In some instances, the removal of barriers to the provision of efficient outpatient care may be more effective than the development and promotion of a critical pathway.
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The potential importance of confounding factors also underscores the need for performing randomized controlled trials. Although studies that randomize institutions, rather than individual patients, are complex to carry out, they are, in our opinion, the optimal method for assessing the effectiveness of interventions, such as critical pathways, that must be implemented and perceived at the level of the institution. 35 In summary, we found a critical pathway for the treatment of CAP to be a safe and effective intervention that improved the efficiency of patient care.
